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SOLID FORMS OF BENDAMUSTINE
HYDROCHLORIDE

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application 1s a continuation of pending U.S. applica-
tion Ser. No. 13/874,575, filed May 1, 2013, which 1s a con-

tinuation of U.S. application Ser. No. 13/301,979, now U.S.
Pat. No. 8,445,524, filed Nov. 22, 2011, which 1s a continu-
ation of U.S. application Ser. No. 12/411,929, filed Mar. 26,
2009, now abandoned, which claims the benefit of U.S. Pro-
visional Application No. 61/039,752, filed Mar. 26, 2008. The
disclosures of these prior applications are incorporated herein
by reference 1n their entireties for all purposes.

FIELD OF THE INVENTION

This 1invention pertains to bendamustine-containing com-
positions, pharmaceutical compositions comprising benda-
mustine, processes to reproducibly make them, and methods
of treating patients using them.

BACKGROUND OF THE INVENTION

Active pharmaceutical ingredients (APIs) can be prepared
in a variety of different forms, for example, chemical deriva-
tives, solvates, hydrates, co-crystals, or salts. APIs may also
be prepared in different solid forms, in that they may be
amorphous, may exist as different crystalline polymorphs,
and/or 1n different solvation or hydration states. By varying
the form of an API, it 1s possible to vary the physical proper-
ties thereot. For instance, solid forms of an API typically have
different solubilities such that a more thermodynamically
stable solid form 1s less soluble than a less thermodynami-
cally stable solid form. Solid forms can also differ in proper-
ties such as sheli-life, bioavailability, morphology, vapor
pressure, density, color, and compressibility. Accordingly,
variation of the solid state of an API 1s one of many ways in
which to modulate the physical and pharmacological proper-
ties thereof.

Bendamustine,  4-{5-[Bis(2-chloroethyl)amino]-1-me-
thyl-2-benzimidazolyl}butyric acid:

OH-HCI

D8
A~ \
\

Bendamustine Hydrochloride

was 1nitially synthesized in 1963 in the German Democratic
Republic (GDR) and was available from 1971 to 1992 there
under the tradename Cytostasan®. See, e.g., W. Ozegowski
and D. Krebs, IMET 3393 v-[1-methyl-5-bis-(j3-chloroet-
hyl)-aminobenzimidazolo-(2)]-butyryl chloride, a new cyto-
static agent of the group of benzimidazole nitrogen mustards.
Zbl. Pharm. 110, (1971) Hett 10, 1013-1019, describing the
synthesis of bendamustine hydrochloride monohydrate.
Since that time, 1t has been marketed in Germany under the
tradename Ribomustin®. Bendamustine 1s an alkylating
agent that has been shown to have therapeutic utility 1n treat-
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2

ing diseases such as chronic Ilymphocytic leukemia,
Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple
myeloma, and breast cancer.

While bendamustine has been demonstrated as efficacious,
it 1s known to be unstable, especially 1n aqueous solutions,
leading to technical difficulties 1n 1ts preparation and admin-
istration. Researchers, therefore, have investigated methods
of improving the preparation and stability of bendamustine
and 1ts formulations. For example, German (GDR ) Patent No.
159877 discloses a method for preparing bendamustine free
base by reaction of the bis-hydroxyl precursor with thionyl
chloride followed by recrystallization from water.

German (GDR) Patent No. 34727 discloses a method of
preparing derivatives of bendamustine. The described deriva-
tives differ from bendamustine 1n the substitution at the 1-po-
s1tion.

German (GDR) Patent No. 809677 discloses an injectable
preparation of bendamustine hydrochloride monohydrate,
ascorbic acid, and water. GDR 80967 describes that lyo-
philization of compounds such as bendamustine 1s only pos-
sible 11 the compound 1s of sufficient stability that 1t can
withstand the processing conditions. The preparation

described 1n GDR 80967 1s not lyophilized.

German (GDR) Patent No. 159289 discloses a ready-to
use, mjectable solution of bendamustine hydrochlornide that
avolds lyophilization. GDR 1359289 describes an anhydrous
solution of bendamustine hydrochloride 1 1,2-propylene
glycol or ethanol.

U.S. application Ser. No. 11/330,868, filed Jan. 12, 2006,
assigned to Cephalon, Inc., Frazer, Pa., discloses methods of
preparing lyophilized pharmaceutical compositions compris-
ing bendamustine hydrochloride.

In light of the potential benefits of different solid forms of
APIs and 1n light of the efficacy of bendamustine, a need
exists to 1dentity and prepare novel solid forms of bendamus-
tine hydrochlonide.

SUMMARY OF THE INVENTION

Solid forms of bendamustine hydrochloride are described,
as well as methods of their preparation. For example, 1n some
embodiments, the invention 1s directed to a solid form of
bendamustine hydrochloride that comprises at least one of
bendamustine hydrochloride Form 1, bendamustine hydro-
chloride Form 3, bendamustine hydrochloride Form 4, amor-
phous bendamustine hydrochloride, or a mixture thereof.
This solid form of bendamustine hydrochloride may be one
that produces an X-ray powder difiraction pattern comprising,
one or more of the following reflections: 25.1, 24.9, 22.9,
22.0, and/or 14.1£0.2 degrees 20, or that produces an X-ray
powder diffraction pattern further comprising one or more of
the following retlections: 16.8, 17.5, 18.5, 24.9, and/or
28.3+0.2 degrees 20. Alternatively, the solid form of benda-
mustine hydrochloride may produce an X-ray powder difirac-
tion pattern comprising one or more of the following reflec-
tions: 26.1, 27.9, and/or 28.1+0.2 degrees 20, or that further
produces an X-ray powder diffraction pattern further com-
prising one or more of the following retlections: 10.6, 15.6,
and/or 19.820.2 degrees 20. Other embodiments may pro-
duce an X-ray powder diffraction pattern comprising one or
more of the following reflections: 10.8, 13.5, 20.5, and/or
23.6+0.2 degrees 20, or that produce an X-ray powder dii-
fraction pattern further comprising one or more of the follow-
ing retlections: 10.3, 19.6, 20.7, 21.2, 25.8 and/or 27.6x0.2
degrees 20.

Another embodiment of the mnvention 1s directed to com-
positions comprising a solid form of bendamustine hydro-
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chloride, such as described above. In certain embodiments,
the composition 1s a pharmaceutical composition that further
comprises at least one pharmaceutically acceptable excipient.
In other embodiments, the composition 1s a lyophilized com-
position. In certain embodiments the composition comprises
a single solid form of bendamustine hydrochloride and 1s
substantially free of other solid forms. Alternatively, the com-
position may contain a mixture of solid forms, such as a
mixture of a crystalline form of bendamustine hydrochloride
and amorphous bendamustine. Thus, the composition may,

for example, be a lyophilized composition that produces an
X-ray powder diffraction pattern comprising one or more of

the following reflections: 7.98, 10.58, 15.43, 19.64, and/or
19.89+0.2 degrees 20.

Methods of preparing the compositions, and methods of
using same for use in treating chronic lymphocytic leukemaa,
Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple
myeloma or breast cancer are also described.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a "HNMR spectrum of bendamustine hydrochlo-
ride

FIG. 2 1s an X-ray Powder Diffractogram (XRPD) of ben-
damustine hydrochloride Form 1

FI1G. 3 1s a Differential Scanning calorimetry (DSC) Ther-
mogram of bendamustine hydrochloride Form 1

FI1G. 4 1s a Thermo-Gravimetric Analysis (TGA) Thermo-
gram o bendamustine hydrochloride Form 1

FIG. 5 1s a Gravimetric Vapor Sorption (GVS) trace of
bendamustine hydrochloride Form 1

FI1G. 6 1s an X-ray Powder Diffractogram of bendamustine
hydrochloride Form 2

FIG. 7A 1s a DSC Thermogram of bendamustine hydro-
chloride Form 2

FIG. 7B 1s a DSC Thermogram of bendamustine hydro-
chlornide Form 2 using a 2° C. per minute heating rate.

FIG. 8 1s a TGA Thermogram of bendamustine hydrochlo-
ride Form 2

FI1G.91s aGVS trace of bendamustine hydrochloride Form
2

FIG. 10 1s an X-ray Powder Diffractogram of bendamus-
tine hydrochloride Form 3

FIG. 11 1s an X-ray Powder Diflractogram of bendamus-
tine hydrochloride Form 4

FIG. 12 1s a DSC Thermogram of bendamustine hydro-
chloride Form 4

FI1G. 13 1s an X-ray Powder Diffractogram of amorphous
bendamustine hydrochloride

FIG. 14 1s an X-ray Powder Dififractogram of one embodi-
ment of the present invention comprising amorphous benda-
mustine hydrochloride, bendamustine hydrochloride Form 3,

and mannitol (Lot#426804).

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

L1l

Four polymorphs of crystalline bendamustine hydrochlo-
ride are disclosed herein (referred to herein as Form 1, Form
2, Form 3, and Form 4). Also described 1s amorphous (i.e.,
non-crystalline) bendamustine hydrochloride. Spectral data
relating to these solid forms of bendamustine hydrochloride
1s depicted in FIGS. 1-14, and methods of preparing each of
these forms 1s presented

In preferred embodiments are solid forms of bendamustine
hydrochloride that comprise Form 1, Form 2, Form 3, Form 4,
or mixtures thereof. More preferred embodiments are solid
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forms of bendamustine hydrochloride that are Form 1, Form
3, Form 4, amorphous bendamustine hydrochloride, or mix-
tures thereof. In other embodiments, solid forms of the inven-
tion may further comprise bendamustine hydrochloride Form
2. These polymorphic solid forms may be identified, for
example, by X-ray powder diffraction and characterized by
one, two, three, four, five, or more retlection peaks that are
characteristic of each polymorphic form. The four crystalline
polymorphs (Form 1, Form 2, Form 3, Form 4) and amor-
phous bendamustine hydrochloride can also be identified by
reference to theirr DSC thermograms, TGA thermograms,
and/or GVS traces, which are set forth in FIGS. 1-14. Meth-

ods oI making solid forms of bendamustine, including each of
the described polymorphs, or a mixture of polymorphs, and
amorphous bendamustine hydrochloride can be preformed

using the techniques described herein.

Any of the solid forms of bendamustine hydrochloride
described herein can be a component of a composition com-
prising bendmustine hydrochlornide. In some embodiments,
these compositions comprising at least one of the solid forms
of bendamustine hydrochloride described herein are substan-
tially free of other solid forms of bendamustine hydrochlo-
ride.

Certain of the preferred embodiments of the invention may
be characterized, at least in part, by X-ray Powder Diflrac-
tion. As 1s known in the art, crystalline solids produce a
distinctive diffraction pattern of peaks, represented in what 1s
referred to as a diffractogram. The peak assignments for a
given crystalline material, for example, degree 20 values,
may vary slightly, depending on the instrumentation used to
obtain the diffractogram and certain other factors, for
example, sample preparation. Nevertheless, these variations
should not be more than +/-0.2 degrees 20 and the relative
spacing between the peaks 1n the diffractogram will always be
the same, regardless of the instrumentation used or the
method of sample preparation, and the like.

In preterred embodiments, compositions of the mvention
are pharmaceutical compositions that further comprise at
least one pharmaceutically acceptable excipient. Preferred
excipients include, for example, sodium phosphate, potas-
sium phosphate, citric acid, tartaric acid, gelatin, glycine,
mannitol, lactose, sucrose, maltose, glycerin, dextrose, dex-
tran, trehalose, hetastarch, or a mixture thereof. A more pre-
terred pharmaceutical excipient 1s mannitol.

In another embodiment of the invention are pharmaceutical
compositions comprising Form 1, Form 2, Form 3, Form 4, or
mixtures thereof, of bendamustine hydrochloride. In more
preferred embodiments are compositions, preferably phar-
maceutical compositions, that comprise Form 1, Form 3,
Form 4, amorphous, or mixtures thereof, of bendamustine
hydrochloride. In other embodiments, the pharmaceutical
compositions further comprise Form 2 or bendamustine
hydrochloride. More preferred embodiments of the invention
are pharmaceutical compositions comprising one or more of
Form 1, Form 2, Form 3, and Form 4 with amorphous ben-
damustine hydrochloride.

In another embodiment of the ivention are lyophilized
compositions comprising at least one solid form of benda-
mustine hydrochloride as described herein. Preferred lyo-
philized compositions of the invention include those that
comprise a mixture of amorphous bendamustine hydrochlo-
ride and at least one crystalline form of bendamustine hydro-
chloride. More preferred lyophilized compositions of the
invention include those that comprise a mixture of amorphous
bendamustine hydrochloride and bendamustine hydrochlo-
ride Form 4.
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Lyophilized compositions of the invention can further A View of the Single Crystal Structure of Form 1 of Ben-
include at least one pharmaceutically acceptable excipient. damustine HCI
Preferred excipients include, for example, sodium phosphate,
potassium phosphate, citric acid, tartaric acid, gelatin, gly-

cine, mannitol, lactose, sucrose, maltose, glycerin, dextrose, ° o

dextran, trehalose, hetastarch, or a mixture thereof. A more Y C3 "i‘

preferred pharmaceutical excipient 1s mannitol. A preferred : & B . o
lyophilized composition of the invention comprises a mixture Qo ¢ Vs

of amorphous bendamustine hydrochloride, bendamustine - . Y ﬂ.&’i A G4 \g;"“x.. c12
hydrochloride Form 4, and at least one pharmaceutically S o\ J.cn P QN N AN
acceptable excipient that 1s preferably mannitol. More pre- \ Cf: )\ - ! €9

terred are lyophilized compositions consisting essentially of P A
amorphous bendamustine hydrochloride, bendamustine . i;#
hydrochloride Form 3, and mannitol. (See, e.g., FIG. 14) 5 C n

Form 1 was characterized as a white powder consisting of
lath shaped particles. Form 1 was crystalline by X-ray Powder
Diffraction (XRPD), the '"H NMR spectrum was consistent
with the structure of the molecule, and the purity was 97.2%.

Unit Cell Data and Final Residuals for Bendamustine

Thermal analysis showed an endotherm with onset 167° C. 20
(AH 103 J/g) corresponding to a melting event. (Peak=170°

Hydrochloride Form 1

_ _ Crystal Data Form 1
C.). Degradation occurred above this temperature. The Chermical Formula (C, HooCLN; OS]
sample became amorphous by XRPD (FIG. 13) on heating to Molecular weight 394.7
180° C. (melt) and remained amorphous on cooling to ambi- s g}i i?;éi;em mmg’;ilm
ent temperature. Form 1 was tound to have low hygroscopic- 193 C. 90 O
ity, showing a 0.7% weight increase between 0 and 90%
relative humidity (RH). This did not lead to a significant 2 (A) 23.0847(4) 23.080(3)

N SYRPD lsis und " b (A) 6.80560(10) 6.882(2)
change in pattem.upt.jn reanalysis under am ient con- ¢ (A) 25.5054(5) 25.504(6)
ditions. There were no significant changes during 1 week ot | beta (°) 114.2480(10) 114.09(1)

3
storage at 40° C./75% RH or 3 weeks of storage at 40° C./11% ?lmﬂe (A”) 3653.52(11) 8 3693.8(4)
RH. The data from the XRPD i1s shown below. Density (calculated) (/ml) | 435 { 419
R (Fobs) 0.0382
wR(all, Fsq) 0.1392
XRPD Data for Bendamustine HC| Form 1 35 S 1.006
d value Intensity
Angle (2-Theta) (Angstrom) (Counts)  Intensity (%) Form 1 was shown to be more stable to degradation in light, as
8.349 10.59033 110 6.8 compared to Form 2.
13.503 6.55757 129 8 Form 2, a monohydrate, was characterized as a white pow-
jg-gi 2; gg ;; 33‘3 2’1‘ ; 1 der consisting of rod shaped particles. Form 2 was crystalline
L " " o L " * ﬂ *
(781 S 06473 179 10.7 by ?(RPD and the punty was 98.3%. The XRPD data 1s
18.452 4.80825 167 10.4 depicted below.
20.239 438767 130 8.1
20.904 4.24957 257 16
21.544 4.12484 295 18.3 45 .
21 979 404537 080 60.0 XRPD Data for Bendamustine HCl Form 2
22.354 3.97705 210 13.1 .
, d value Intensity
22.922 387977 1213 754 o
73 305 1 21606 13 134 Angle (2-Theta) (Angstrom) (Counts) Intensity (%)
23.672 3.7586 317 19.7 10.169 R 69836 167 R 5
24.851 3.58278 833 >1.8 50 10.638 8.31653 1274 64.6
25.122 3.54475 160% 100 11.443 7 73271 155 7.9
25.858 3.44558 173 10.7 12 .46 7 10378 162 R 7
26.35 3.38229 254 15.8 (3 662 648137 186 5.4
27.082 3.29256 437 27.2 15.055 5 {8491 734 11.9
27.591 3.23295 343 21.3 (8 208 471310 s .
28.327 3.15055 704 43.8 s (6 794 450101 06 105
29-155 5:06303 La4 8.9 20.115 4.41437 955 48.4
29.336 3.04246 151 24 20.451 4.34275 1017 51.6
20.95 4.24033 654 33.2
21.45 4.14261 371 18.%8
Form 1 converted to a hydrate of bendamustine hydrochlo- 22.15 4.01325 301 15.3
ride (Form 2) during 2 months of storage at 25° C./94% RH. 60 ;gﬁg gg;iiﬁ 12% 102 .
The aqueous solubility was 4.5 mg/ml with a solution pH of 3 850 379952 36 1
2.16, but significant degradation occurred to the sample 1n 24.101 3.6926 271 13.7
this experiment. The pKa values found for this material by gj-;}é g-g;}jgg g;g j;
UV 1n aqueous conditions were 0.88 (Base), 4.17 (Acid) and 55 504 2 53345 234 .
6.94 (Base). The LogP value found was 1.10 with a LogD at 65 75 A0R 3 49344 390 169
pH7.4 of 0.68. The single crystal structure of this form was 25.843 3.44749 257 13

obtained:
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-continued

XRPD Data for Bendamustine HC] Form 2

d value Intensity
Angle (2-Theta) (Angstrom) (Counts) Intensity (%)

26.538 3.35877 788 40

27.248 3.27289 382 19.4
27.695 3.22103 402 20.4
28.018 3.18459 243 12.3
28.256 3.15834 248 12.6
28.487 3.13331 297 15

29.046 3.07423 352 17.9
29.255 3.0527 244 12.4

Thermal analysis showed a broad endotherm with onset at
37° C. due to water loss. This corresponded with a 5.2%
weight loss on heating between ambient and 100° C., equat-
ing to loss of 1.2 equivalents of water, and a conversion to
Form 4. The sample showed a 4% uptake between 10 and 15%
RH during GVS analysis, equating to 1 mole of water. On
XRPD re-analysis after the GVS cycles a peak at 14° 20 was
observed. This peak 1s indicative of the presence of Form 1,
suggesting that partial conversion occurred during the GVS
experiment. A similar XRPD trace was obtained after storing
pure Form 1 at 25° C./94% RH for one month as the sample
was 1n the process of converting to Form 2. There were no
significant changes to the sample by XRPD after one month
of storage at 40° C./75% RH, but the sample became less
crystalline during one month at 40° C./11% RH. A significant
decrease 1n crystallinity and purity was observed during light
stability experiments.

A review of the prior art indicates that a monohydrate of
bendamustine hydrochloride has been prepared previously.
See, W. Ozegowski and D. Krebs, supra. That monohydrate
has a reported melting point of 152-56° C. This melting point
1s stmilar to that observed with bendamustine hydrochloride
Form 2, which has an observed melting point of 153-157° C.
While not conclusive, 1t 1s possible that Form 2 and the
bendamustine hydrochloride monohydrate reported i the
prior art are the same polymorph. But as no further charac-
terization details, for example XRPD, have been reported or
are available for the bendamustine hydrochloride monohy-
drate reported 1n the prior art, 1t 1s not known whether the
monohydrate reported previously was Form 2 bendamustine

hydrochloride.

Storage of Form 1, Form 2 and 1:1 mixtures for up to 6
weeks only showed a conversion of Form 1 to 2 after storage
at high humidity (60° C./953% RH, 25° C. 94% RH and pos-
sibly 4° C./88% RH for 6, 6 and 2 weeks respectively). No
conversion of Form 2 to Form 1 was noted 1n these studies
alter 6 weeks. Kinetic factors make it very ditficult to deter-
mine the absolute thermodynamic stability 1n the 6 weeks

studied and both forms were kinetically stable for 6 weeks at
4° C./34 to 76% RH, 25° C./43 to 75% RH and 60° C./11 to
75% RH.

Form 3 was characterized as a white powder which was
partially crystalline by XRPD. No significant changes were
observed on XRPD re-analysis after 1 month of storage under
ambient conditions, but conversion to Form 2 occurred during
1 week at 40° C./75% RH. The purity was 95.9%. XRPD data

for Form 3 1s shown below.
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3
XRPD Data for Bendamustine HCI Form 3
d value Intensity
Angle (2-Theta) (Angstrom ) (Counts) Intensity (%)

3.85 22.95248 13.6 2.1

5.384 16.41406 16.3 2.5

5.75 15.37009 12.1 1.9

7.892 11.20261 40.4 6.2
10.575 8.36538 177 27.2
13.426 6.59478 30.1 4.6
13.636 6.49389 10.9 1.7
13.993 6.32893 36.3 5.6
14.7 6.0261 7.62 1.2
15.547 5.69958 121 18.6
15.734 5.63243 41.4 6.4
17.35 5.1112 25 3.8
17.608 5.0369 14.1 2.2
18.594 4.77186 55.1 8.5
18.85 4.70772 85.8 13.2
19.428 4.56899 80.2 12.3
19.749 4.49541 436 67
19.995 4.44068 173 26.6
21.3 4.17144 216 33.3
22.11 4.02037 233 35.8
23.328 3.81319 409 63
25.449 3.49996 393 60.5
25.571 3.48361 355 34.6
25.7733 3.46204 294 45.3
26.083 3.41636 650 100
26.394 3.37675 305 46.9
26.61 3.34983 279 43
27.852 3.2032 393 60.5
27.977 3.1892 403 62
28.109 3.17455 392 60.3
29.039 3.07492 195 30

Form 4 was characterized as a white powder which was
crystalline by XRPD. Thermal analysis showed an endotherm
due to melting at 153° C. (Peak=1357° C.). Form 4 converted

to Form 2 during 24 hours under ambient conditions. XRPD
data for Form 4 1s depicted below.

XRPD Data for Bendamustine HCI Form 4

Angle d value Intensity Intensity
(2-Theta) (Angstrom) (Counts) (%0)
3.86 22.88824 63.2 4.6
7.794 11.34336 120 8.8
10.267 8.61623 293 21.4
10.831 8.16867 1297 95
11.624 7.61314 149 10.9
11.804 7.4972 134 9.8
12.806 6.91286 169 12.4
14.077 6.29121 209 15.3
15.521 5.70899 376 277.5
16.038 5.5262 135 9.9
18.748 4.73313 168 12.3
19.636 4.52097 455 33.3
20.447 4.34345 1021 74.7
20.734 4.28411 793 58.1
21.227 4.18563 557 40.8
21.865 4.06498 202 14.8
22.263 3.99311 198 14.5
23.1 3.85031 306 22.4
23.579 3.77323 1366 100
23.95 3.71555 513 37.5
24.39 3.64947 250 18.3
24.548 3.62633 237 17.3
25.477 3.49624 266 19.5
25.81 3.45184 659 48.3
26.559 3.35619 258 18.9
27.101 3.29025 363 26.6
27.627 3.22885 818 59.9
28.415 3.14102 364 26.6



US 8,883,836 B2

9

Amorphous bendamustine hydrochloride had a glass tran-
sition temperature of about 50° C. and became gummy during
24 hours under ambient conditions, showing 1t 1s hygro-

scopic. Also, partial crystallization occurred during 1 week at
40° C./75% RH, possibly to a mixture of Forms 2 and 3. After

subjection to GV S humidity cycle, amorphous bendamustine
hydrochloride converted to Form 2.

Preferred pharmaceutical compositions of the invention
comprise amorphous bendamustine hydrochloride. The ben-
damustine hydrochloride may be provided as compositions
consisting primarily of an amorphous form of bendamustine
hydrochloride or as compositions comprising amorphous
bendamustine hydrochloride as well as a crystalline form,
such as crystalline bendamustine hydrochloride Form 1,
Form 2, Form 3, Form 4, or mixtures thereol. Preferred phar-
maceutical compositions of the mmvention comprise benda-
mustine hydrochloride substantially free from crystalline
bendamustine hydrochloride.

In preferred embodiments, pharmaceutical compositions
comprising at least one of Form 1, Form 2, Form 3, Form 4,
and amorphous bendamustine hydrochloride, as well as at
least one pharmaceutically acceptable excipient, are pro-
vided. Pretferably, the pharmaceutical compositions comprise
at least one of Form 1, Form 3, Form 4, and amorphous
bendamustine hydrochloride, as well as at least one pharma-
ceutically acceptable excipient. More preferred are pharma-
ceutical compositions that comprise amorphous bendamus-
tine hydrochloride, Form 4, and at least one pharmaceutically
acceptable excipient.

Pharmaceutically acceptable excipients are known in the
art and 1nclude those described 1n, for example, U.S. appli-
cation Ser. No. 11/267,010, the content of which 1s incorpo-
rate herein 1n 1ts entirety. These pharmaceutical compositions
may be prepared as injectables, either as liquid solutions or
suspensions, as well as solid forms, for example, capsules,
tablets, lozenges, pastilles, powders, suspensions, and the
like.

In preferred embodiments, the pharmaceutical composi-
tions are sublimed, preferably freeze-dried or lyophilized,
compositions. Methods of preparing such sublimed, prefer-
ably freeze-dried or lyophilized, preparations of bendamus-
tine hydrochloride that contain Form 1, Form 2, Form 3, Form
4, or a mixture thereof, are also within the scope of the
invention. Methods of preparing such sublimed, preferably
freeze-dried or lyophilized, preparations of bendamustine
hydrochloride that contain Form 1, Form 3, Form 4, amor-
phous bendamustine hydrochloride, or a mixture thereot, are
also within the scope of the invention. Methods of preparing
such sublimed, preferably freeze-dried or lyophilized, prepa-
rations of bendamustine hydrochloride that further contain
Form 2, are also within the scope of the invention.

Lyophilization mvolves the addition of water to a com-
pound, followed by freezing of the resultant suspension or
solution, and sublimation of the water from the compound. In
preferred embodiments, at least one organic solvent 1s added
to the suspension/solution. In other preferred embodiments,
the suspension/solution further comprises a lyophilization
excipient. The lyophilized preparations of bendamustine
hydrochloride of the present invention may further comprise
amorphous bendamustine hydrochloride.

In a typical lyophilization procedure, water, a pharmaceu-
tically acceptable lyophilizing excipient, an organic solvent,
and a compound are combined to form a solution, which 1s
then sterilized, preferably using sterile filtration methodol-
ogy. This solution 1s then lyophilized using standard lyo-
philization equipment and techmiques.
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While preferred embodiments of the present invention
include lyophilization of bendamustine hydrochloride, 1t 1s
envisioned that other sublimation techniques may also be
used. For example, one of more of the described forms of
bendamustine hydrochloride may be dissolved, dispersed or
suspended 1n a solvent, the resulting mixture (be 1t a solution,
dispersion or suspension) frozen, and the solvent removed by
sublimation.

A lyophilization excipient can be any pharmaceutically
acceptable excipient that, when used during the lyophiliza-
tion process, results in a lyophilized product that has
improved properties, for example, improved handling prop-
erties, solubility properties, and the like. A lyophilization
excipient can be, for example, a bulking agent; suitable bulk-
ing agents are known 1n the art. Examples of suitable lyo-
philization excipients include, for example, sodium phos-
phate, potassium phosphate, citric acid, tartaric acid, gelatin,
glycine, mannitol, lactose, sucrose, maltose, glycerin, dex-
trose, dextran, trehalose, hetastarch, or mixtures thereof. A
lyophilization excipient may also comprise a pharmaceuti-
cally acceptable antioxidant, such as, for example, ascorbic
acid, acetylcysteine, cystemne, sodium hydrogen sulfite,
butyl-hydroxylanisole, butyl-hydroxytoluene, or alpha-toco-
pherol acetate. A preferred lyophilization excipient 1s manni-
tol.

Solvents for use 1n the present invention include water and
organic solvents that form stable solutions with bendamus-
tine hydrochloride without appreciably degrading the benda-
mustine, and which are capable of being evaporated/sublimed
through lyophilization. Examples of suitable organic solvents
include, for example, methanol, ethanol, n-propanol, 1so-pro-
panol, n-butanol, tert-butanol, or mixtures thereof. A pre-
terred organic solvent 1s tert-butanol.

In one embodiment of the invention are methods of prepar-
ing lyophilized compositions that comprise at least one crys-
talline form of bendamustine hydrochloride. Preferably, the
crystalline form of bendamustine hydrochloride i1s benda-
mustine hydrochloride Form 1, bendamustine hydrochloride
Form 2, bendamustine hydrochloride Form 3, bendamustine
hydrochloride Form 4, or a mixture thereof. In other embodi-
ments of the invention, the Iyophilized compositions further
comprise amorphous bendamustine hydrochloride. More
preferred methods of the invention produce lyophilized com-
positions comprising a mixture of bendamustine Form 4 and
amorphous bendamustine hydrochloride.

Preferred methods of preparing lyophilized compositions
comprising at least one crystalline form of bendamustine
hydrochloride comprise combining bendamustine hydro-
chloride with at least one solvent to form a solution and then
lyophilizing the solution. In some embodiments, the solution
turther comprises at least one lyophilization excipient. Pre-
terred lyophilization excipients include, for example, sodium
phosphate, potassium phosphate, citric acid, tartaric acid,
gelatin, glycine, mannitol, lactose, sucrose, maltose, glyc-
erin, dextrose, dextran, trehalose, hetastarch, or a mixture
thereof. More preferably, the pharmaceutically acceptable
excipient 1s mannitol. In some embodiments, the solvent 1s
water, an organic solvent, or a mixture thereof. Preferably, the
organic solvent 1s methanol, ethanol, n-propanol, 1so-pro-
panol, n-butanol, tert-butanol, or a mixture thereof. More
preferably, the orgamic solvent 1s tert-butanol. In certain
embodiments, the solvent 1s a mixture ol water and an organic
solvent, for example, a mixture having a ratio of water to
organic solvent of from about 1:1 to about 3:1 (v/v), prefer-
ably about 7:3 (v/v).

Lyophilized compositions produced according to any of
the methods described herein are also within the scope of the
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invention. An X-ray Powder Diffractogram of one such com-
position, prepared 1n accordance with the lyophilization pro-
cedures described herein and comprising amorphous benda-

mustine hydrochloride, bendamustine hydrochloride Form 3,
and mannitol 1s shown 1n FIG. 14. The XPRD data corre-

sponding to this Diffractogram 1s shown below.

Angle d value Intensity Intensity
(2-Theta) (Angstrom) (Counts) (%0)
7.98 11.07642 231 6.3
9.75 9.06671 1710 47.0
10.58 8.35697 751 20.7
13.68 6.46585 30 0.8
15.43 5.73932 286 7.9
18.69 4.74293 91 2.5
19.48 4.55224 474 13.1
19.64 4.51705 799 22.0
19.89 4.45920 416 11.5
20.45 4.33901 3635 100.0
21.12 4.20296 1052 29.0
21.30 4.16740 545 15.0
22.15 4.01060 1349 37.1
22.76 3.90380 95 2.6
23.34 3.80874 293 8.1
24.72 3.59834 1153 31.7
25.30 3.51781 1396 38.4
25.43 3.50023 899 24.7
25.91 3.43569 454 12.5
27.95 3.19006 534 14.7
29.39 3.03627 35 1.0
29.73 3.00276 40 1.]
30.64 2.91594 38
31.20 2.86471 39
32.22 2.77642 109 3.0
33.65 2.66154 37 1.0
35.00 2.56159 287 7.9
35.34 2.53782 117 3.2
36.11 2.48539 682 18.8
36.23 2.47719 538 14.8
36.58 2.45430 105 2.9
38.04 2.36363 27 0.8
39.53 2.27806 36 1.0

Also within the scope of the mvention are methods of
treating diseases, such as, for example, chronic lymphocytic
leukemia, Hodgkin’s disease, non-Hodgkin’s lymphoma,
multiple myeloma, or breast cancer, with a pharmaceutical
composition of the present invention. Preferably, the solid
forms of the invention are used to treat chronic lymphocytic
leukemia. Also preferred are methods of using the solid forms
of the mvention to treat indolent B-cell non-Hodgkin’s lym-
phoma, in particular, indolent B-cell non-Hodgkin’s lym-
phoma that has progressed during or within six months of
treatment with, for example, rituximab or a rituximab-con-
taining regimen. In certain embodiments, the method com-
prises administering a therapeutically effective amount of a
pharmaceutical composition of the present invention directly
to the patient (for example, when the pharmaceutical compo-
sition 1s a tablet or capsule). In other embodiments, the
method comprises modifying a pharmaceutical composition
of the present invention before administration, such as by
dissolving the composition in water or another solvent prior
to administration. In these embodiments, the method com-
prises administering to the patient a therapeutically effective
amount of a preparation prepared from a pharmaceutical
composition of the present invention. Preferably, the prepa-
ration 1s an injectable preparation. The ijectable preparation
may be administered subcutaneously, intracutaneously, intra-
venously, mtramuscularly, intra-articularly, intrasynovially,
intrasternally, mtrathecally, intralesionally, intracranially or
via infusion. Other conditions amenable to treatment utilizing,
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the compositions and 1njectable preparations of the present
invention mclude small cell lung cancer, hyperproliferative
disorders, and autoimmune diseases, such as rheumatoid
arthritis, multiple sclerosis, and lupus.

Preferably, the dose administered is about 100 mg/m~ or
about 120 mg/m>, administered intravenously. Dosages of
about 25 mg/m*, 60 mg/m?, 50 mg/m* and 90 mg/m?, admin-
istered intravenously, are also within the scope of the mven-
tion. Preferably, the dosage 1s administered intravenously
over about 30 minutes or over about 60 minutes. Also pre-
terred are methods of administration wherein the dosage 1s
administered on days 1 and 2 of a 28-day cycle. In some
embodiments, the dosage 1s administered 1n from 1 to 6 or
from 1 to 8 cycles.

The imjectable preparations described herein are in the
form of a sterile injectable preparation, for example, as a
sterile, 1njectable aqueous or oleaginous suspension or solu-
tion formulated according to techniques known in the art.
Typically, the pharmaceutical compositions of the present
invention, contaiming at least one of Form 1, Form 2, Form 3,
Form 4, or amorphous bendamustine hydrochloride, prefer-
ably at least one of Form 1, Form 3, Form 4, or amorphous
bendamustine hydrochloride, are formulated as lyophilized
powders which may be provided, for example, 1n vials con-
taining 100 mg of drug per 50 mL or 20 mL vial. The inject-
able preparation may be prepared by reconstitution of a
freeze-dried or lyophilized composition with Sterile Water
for Injection and then further dilution with a pharmaceuti-

cally acceptable intravenous solution, such as, for example,
0.9% sodium Chloride, 5% dextrose 1n water (D5W), Lac-

tated Ringers solution, or 0.45% Sodium Chlornde/2.5% dex-
trose.

Preferably, the pharmaceutical compositions of bendamus-
tine hydrochloride described herein are reconstituted nto an
injectable preparation, for example, with sterile water, 1n less
than about 20 minutes. More preferably, reconstitution occurs
in less than about 10 minutes, most preferably about 5 min-
utes.

A typical reconstitution process would include reconstitut-
ing, preferably aseptically, 100 mg bendamustine hydrochlo-
ride with 20 mL Sterile Water for Injection. This yields a
clear, colorless to pale yellow solution having a bendamustine
HCI concentration of 5 mg/mL. If lvophilized bendamustine
hydrochloride 1s being reconstituted, the bendamustine
hydrochloride should completely dissolve 1n about 5 minutes.
The volume needed for the required dose (based on 5 mg/mlL
concentration) can be aseptically withdrawn and transferred
to a 500 mL 1nfusion bag of 0.9% Sodium Chlornde (or other
pharmaceutically acceptable intravenous solution) for 1njec-
tion. Preferably, the reconstituted solution 1s transterred to the
infusion bag within 30 minutes of reconstitution. After trans-
ter, the contents of the infusion bag are thoroughly mixed.
Admuinistration by intravenous infusion 1s typically provided
over a time period of from about 30 to about 60 minutes.

It1s envisioned that the pharmaceutical compositions of the
present mvention can be administered 1n combination with
one or more anti-neoplastic agents where the anti-neoplastic
agent 1s given prior to, concurrently with, or subsequent to the
administration of the composition of the present invention.
Pharmaceutically acceptable anti-neoplastic agents are
known 1n the art. Preferred anti-neoplastic agents are those
disclosed 1n co-pending U.S. application Ser. No. 11/330,
868, filed Jan. 12, 2006, the entirety of which 1s incorporated
herein by reference.

Therapeutically effective amounts of bendamustine can be
readily determined by an attending diagnostician by use of
conventional techniques. The effective dose can vary depend-
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ing upon a number of factors, including type and extent of
progression of the disease or disorder, overall health of a

particular patient, biological efficacy ol bendamustine, for-
mulation of bendamustine, and route of administration of the
forms of bendamustine. Bendamustine can also be adminis-
tered at lower dosage levels with gradual increases until the
desired effect 1s achieved.

TERMINOLOGY

The term “anti-solvent,” as used herein, means a solvent in
which a compound 1s substantially insoluble.

The term “‘crystalline,” as used herein, means having a
regularly repeating arrangement of molecules or external face
planes.

The term “crystalline composition,” as used 1n herein,
refers to a solid chemical compound or mixture of com-
pounds that provides a characteristic pattern of peaks when
analyzed by x-ray powder difiraction; this includes, but is not
limited to, polymorphs, solvates, hydrates, co-crystals, and
desolvated solvates.

The term ““1solating™ as used herein, means separating a
compound from a solvent, anti-solvent, or a mixture of sol-
vent and anti-solvent to provide a solid, semisolid or syrup.
This 1s typically accomplished by means such as centrifuga-
tion, filtration with or without vacuum, filtration under posi-
tive pressure, distillation, evaporation or a combination
thereof. Isolating may or may not be accompanied by purily-
ing during which the chemaical, chiral or chemical and chiral
purity of the 1solate 1s increased. Purilying 1s typically con-
ducted by means such as crystallization, distillation, extrac-
tion, filtration through acidic, basic or neutral alumina, filtra-
tion through acidic, basic or neutral charcoal, column
chromatography on a column packed with a chiral stationary
phase, filtration through a porous paper, plastic or glass bar-
rier, column chromatography on silica gel, ion exchange
chromatography, recrystallization, normal-phase high perfor-
mance liquid chromatography, reverse-phase high perfor-
mance liquid chromatography, trituration and the like.

The term “pharmaceutically acceptable excipient,” as used
herein, includes any and all solvents, dispersion media, coat-
ings, antibacterial and antifungal agents, 1sotonic and absorp-
tion delaying agents and the like. The use of such media and
agents for pharmaceutical active substances 1s well known 1n
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Pharmacy, 207 ed.; Gennaro, A. R., Ed.; Lippincott Williams
& Wilkins: Philadelphia, Pa., 2000. Except insofar as any
conventional media or agent 1s incompatible with the active
ingredient, 1ts use in the therapeutic compositions 1s contems-
plated. Supplementary active mngredients can also be mncor-
porated into the compositions.

The term “solution.” as used herein, refers to a mixture
containing at least one solvent and at least one compound that
1s at least partially dissolved 1n the solvent.

The term “solvate,” as used herein, means a crystalline
composition of variable stoichiometry formed by a solute and
an organic solvent as defined herein.

The term “solvent,” as used herein, means a substance,
typically a liqud, that 1s capable of completely or partially
dissolving another substance, typically a solid. Solvents for
the practice of this invention include, but are not limited to,
water, acetic acid, acetone, acetonitrile, benzene, chloroform,
carbon tetrachloride, dichloromethane, dimethylsulfoxide,
1,4-dioxane, ethanol, ethyl acetate, butanol, tert-butanol,
N,N-dimethylacetamide, N,N-dimethylformamide, forma-
mide, formic acid, heptane, hexane, 1sopropanol, methanol,
methyl ethyl ketone (butanone), 1-methyl-2-pyrrolidinone,
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mesitylene, nitromethane, polyethylene glycol, propanol,
2-propanone, propionitrile, pyridine, tetrahydrofuran, tolu-
ene, xylene, mixtures thereof and the like.

The term “‘sublimation,” as used herein, refers to the tran-
sition from the solid phase to the gas phase with no interme-
diate liquid stage.

The term “substantially free,” as used herein with regard to
compositions that contain a particular form of bendamustine
hydrochloride while being “substantially free” of other forms
of the compound, means that the recited form 1s associated
with less than 10%, preferably less than 5%, 1n particular less
than 2% and most preferably less than 1% of the other recited
forms of bendamustine hydrochloride.

The term “‘therapeutically effective amount,” as used
herein, refers to the amount determined to be required to
produce the physiological effect intended and associated with
a given drug, as measured according to established pharma-
cokinetic methods and techniques, for the given administra-
tion route. Appropriate and specific therapeutically effective
amounts can be readily determined by the attending diagnos-
tician, as one skilled in the art, by the use of conventional
techniques. The effective dose will vary depending upon a
number of factors, including the type and extent of progres-
sion of the disease or disorder, the overall health status of the
particular patient, the relative biological efficacy of the com-
pound selected, the formulation of the active agent with
appropriate excipients, and the route of admimstration.
Instrumentation
X-Ray Powder Difiraction (XRPD)

The novel crystalline forms of bendamustine hydrochlo-
ride have been characterized by XRPD which produces a
fingerprint of the particular crystallite form. Measurements of
20 values typically are accurate to within £0.2 degrees.
Bruker AXS/Diemens D3000

X-Ray Powder Difiraction patterns were collected on a
Siemens D5000 diffractometer using CuKo radiation (40 kV,
40 mA), 0-0 goniometer, automatic divergence and receiving
slits, a graphite secondary monochromator and a scintillation
counter. The instrument 1s performance checked using a cer-
tified corundum standard (NIST 1976).

Ambient Conditions—

Samples run under ambient conditions were prepared as
flat plate specimens. Approximately 35 mg of the sample was
gently packed into a cavity cut into polished, zero-back-
ground (510) silicon water and a Mylar cover was placed over
the sample. The sample was rotated 1n 1ts own plane during
analysis.

Bruker AXS C2 GADDS

X-Ray Powder Difiraction patterns were collected on a
Bruker AXS C2 GADDS diffractometer using Cu Ka radia-
tion (40 kV, 40 mA), automated XYZ stage, laser video
microscope for autosample positioning and a HiStar 2-di-
mensional area detector. X-ray optics consists of a single
Gobel multilayer mirror coupled with a pinhole collimator of
0.3 mm.

The beam divergence, 1.e. the effective size of the X-ray
beam on the sample, was approximately 5 mm. A 0-0 con-
tinuous scan mode was employed with a sample—detector
distance of 20 cm which gives an effective 20 range of 3.2°-
29.7°. Typically, the sample would be exposed to the X-ray
beam for 120 seconds.

Ambient Conditions—

Samples run under ambient conditions were prepared as
flat plate specimens using powder without grinding. Approxi-
mately 1-2 mg of the sample was lightly pressed on a glass
slide to obtain a flat surface.
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Non-Ambient Conditions—

Samples run under non-ambient conditions were mounted
on a silicon wafer with heatconducting compound. The
sample was then heated to the appropriate temperature at ca.
20° C. min~' and subsequently held isothermally for ca 1
minute before data collection was 1nitiated.

Single Crystal X-Ray Diffraction (SCXRD)

The crystals chosen were coated with paratone o1l and tlash
frozen on a (Bruker SMART CCD diffractometer. Data were
collected on a Bruker AXS 1K SMART CCD diffractometer
equipped with an Oxford Cryosystems Cryostream cooling

device. Structures were solved using either the SHELXS or
SHEL XD programs and refined with the SHELXL program
as part ol the Bruker AXS SHELX'TL suite. Unless otherwise
stated, hydrogen atoms attached to carbon were placed geo-
metrically and allowed to refine with a riding 1sotropic dis-
placement parameter. Hydrogen atoms attached to a heteroa-
tom were located 1n a difference Fourier synthesis and were
allowed to refine freely with an 1sotropic displacement
parameter.

"H NMR

'"H NMR spectra were collected on a Bruker 400 MHz
istrument equipped with an auto-sampler and controlled by
a DRX400 console. Automated experiments were acquired
using ICON-NMR v4.0.4 (build 1) running with Topspin v
1.3 (patch level 6) using the standard Bruker loaded experi-
ments. For non-routine spectroscopy, data were acquired
through the use of Topspin alone. Samples were prepared in
d6-DMSO, unless otherwise stated. Off-line analysis was
carried out using ACD SpecManager v 9.09 (build 7703).
Differential Scanning Calorimetry (DSC)

DSC data were collected on a TA Instruments Q1000
equipped with a 50 position auto-sampler. The 1nstrument
was calibrated for energy and temperature calibration using
certified mdium. Typically 0.5-2 mg of each sample, 1n a
pin-holed hermetically sealed alumimium pan, was heated at
10° C.-min-1 from 25° C. to 200° C. A nitrogen purge at 50
ml-min-1 was maintained over the sample. The 1nstrument
control software was Thermal Advantage v4.6.6 and the data

were analyzed using Universal Analysis v4.3A.
Thermo-Gravimetric Analysis (TGA)

TGA data were collected on a TA Instruments Q500 TGA,
equipped with a 16 position autosampler. The instrument was
temperature calibrated using certified Alumel. Typically 1-2
mg of each sample was loaded 1nto a pin-holed hermetically
sealed aluminum DSC pan on a pre-tared platinum crucible,
and was heated at 10° C.-min~" from ambient temperature to
200° C. A nitrogen purge at 60 ml-min~' was maintained over
the sample. The instrument control software was Thermal
Advantage v4.6.6 and the data were analyzed using Universal
Analysis v4.3A.

Purity Analysis
Purity analysis was performed on an Agilent HP1100

series system equipped with a diode array detector and using
ChemStation software vB.02.01-SR1.

Type of method
Normal Phase Reverse Phase
[socratic Gradient v
Column: Zorbax Bonus-RP C14, 150 x 4.6 mm, 5 um
Column Temperature 30

(° C.):

Test Sample Make-Up: NMP/mobile phase A 1:1

Injection (ul): 2
Detection: Wavelength, 254, 8
Bandwidth(nm):
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-continued
Flow Rate (ml - min-1): 1.0
Phase A: 0.1% TFA in water
Phase B: 0.1% TFA 1n acetonitrile
Timetable: Time (min) % Phase A % Phase B
0 93 7
5 93 7
13 73 27
16 73 27
25 43 57
26 10 90
31 10 90

Thermodynamic Aqueous Solubility by HPLC

Aqueous solubility was determined by suspending suifi-
cient compound 1n 0.25 ml of water to give a maximum final
concentration of 210 mg':ml~" of the parent free-form of the
compound. The suspension was equilibrated at 25° C. for 24
hours (unless otherwise stated) after which the pH was mea-
sured. The suspension was then filtered through a glass fibre
C filter into a 96 well plate. The filtrate was then diluted by a
factor of 100 times. Quantitation was by HPLC with refer-
ence to a standard solution of approximately 0.1 mg-ml-1 1n
DMSO. Different volumes of the standard, diluted and undi-
luted sample solutions were injected. The solubility was cal-
culated using the peak areas determined by integration of the
peak found at the same retention time as the principal peak in
the standard 1njection.

Type of method: Reverse phase with gradient elution

Column: Phenomenex Luna, C18 (2) 5 um 50 x 4.6 mm
Column Temperature 25

(° C.):

Injection (ul): 5, 8 and 30

Type of method: Reverse phase with gradient elution

Detection: Wavelength, 260, 80

Bandwidth (nm):

Flow Rate (ml - min-1): 2
Phase A: 0.1% TFA in water
Phase B: 0.085% TFA 1n acetonitrile
Timetable: Time (min) % Phase A % Phase B
0.0 935 5
1.0 80 20
2.3 5 935
3.3 5 95
3.5 935 5
4.4 95 5

Gravimetric Vapor Sorption (GVS)

Sorption 1sotherms were obtained using a Hiden IGASorp
moisture sorption analyser, controlled by CFRSorp software.
The sample temperature was maintained at 25° C. by a Huber
recirculating water bath. The humidity was controlled by
mixing streams of dry and wet nitrogen, with a total flow rate
of 250 ml'min-1. The relative humidity was measured by a
calibrated Vaisala RH probe (dynamic range of 0-95% RH),
located near the sample. The weight change, (mass relax-
ation) of the sample as a function of % RH was constantly
monitored by themicrobalance (accuracy £0.001 mg). Typi-
cally 1-3 mg of sample was placed 1n a tared mesh stainless
steel basket under ambient conditions. The sample was
loaded and unloaded at 40% RH and 25° C. (typical room
conditions). A moisture sorption 1sotherm was performed as

outlined below (2 scans giving 1 complete cycle). The stan-
dard 1sotherm was performed at 25° C. at 10% RH intervals
over a 0-90% RH range.
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Parameter Values
Adsorption -Scan 1 40-90
Desorption/Adsorption -Scan 2 85 -Dry, Dry -40
Intervals (% RH) 10

Number of Scans 2

Flow rate (ml - min™') 250
Temperature (° C.) 25
Stability (° C. - min™}) 0.05
Minimum Sorption Time (hours) 1
Maximum Sorption Time (hours) 4
Mode AF?2
Accuracy (%) 98

The software uses a least squares mimmization procedure
together with a model of the mass relaxation, to predict an
asymptotic value. The measured mass relaxation value must
be within 3% of that predicted by the software before the next
% RH value 15 selected. The minimum equilibration time was
set to 1 hour and the maximum to 4 hours.
pKa Determination and Prediction

Data were collected on a Sirtus GlpKa instrument with a
D-PAS attachment. Measurements were made at 25° C. 1n
aqueous solution by UV. The compound was 1nitially dis-
solved 1n DMSO at 5 mg/ml of which 30 ul (0.25 mg) was
used for the titration from pH 1.3 to 9.0. The titration media
was 1onic-strength adjusted (ISA) with 0.15 M KCl (aqg). The
data were refined using Refinement Pro software v1.0. Pre-
diction of pKa values was made using ACD pKa prediction
software v9.

Log P Determination

Data were collected by potentiometric titration on a Sirius
GlpKa instrument using three ratios of octanol:1onic-strength
adjusted (ISA) water to generate Log P, Log Pion, and Log D
values. The data were refined using Refinement Pro software
v1.0. Prediction of Log P values was made using ACD v9 and
Syracuse KOWWIN v1.67 software.

Preparation of Bendamustine Hydrochloride (Crude)

Step 1:
4-15-[Bis-(2-hydroxy-ethyl)-amino]-1-methyl-1H-ben-
zoimidazol-2-y1}-butyric acid ethyl ester (27.0 kg) was dis-
solved 1n 270 kg chloroform. After cooling to 0 to 5° C., 19.2
kg thionyl chloride was added over about 1 hour. The mixture
was warmed to 25° C.x5° C. and stirred for 20 to 24 hours.
75.6 kg hydrochloric acid (32% aqueous solution) was then
added. After phase separation, the organic (lower) phase was

removed. The product remained 1n the aqueous phase.

Step 2:

A suspension of activated charcoal 1 hydrochloric acid
was added to the aqueous phase obtained in step 1. The
mixture was heated over 1 hour to 85 to 90° C. and stirred for
4 to 5 hours at reflux. The suspension was then filtered and
rinsed with aqueous hydrochloric acid. The solvent was dis-
tilled off under reduced pressure at a temperature not exceed-
ing 65° C. 108 kg to 324 kg (108 kg preferred) of warm (35 to
45° C.) deronized water was added to induce crystallization.

After crystallization, the mixture was cooled to 20 C+£5° C.
and stirred for an additional 1 to 2 hours or overnight. The

product was collected by filtration on a filter dryer, washed
with three portions each of 108 to 324 kg (108 kg preferred)

deiomized water and 108 to 216 kg (108 kg preferred) of cold
acetone. The crude product was treated four times each with
54 to 108 kg (54 kg preferred) acetone at retlux for at least 1
hour, 1n the filter dryer. The suspension was filtered and the
product dried at a temperature not higher than 40° C. under

reduced pressure, to give 21.4 keg+2.1 kg bendamustine
hydrochloride crude (70%=x10%, calculated as dried sub-
stance).
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Step 3 (Optional):

The product obtained from step 2 was dissolved 1n hydro-
chloric acid (32% aqueous solution) and heated to retlux (85
to 90° C.) for at least 4 hours. To improve color, activated
charcoal can be added to the hydrochloric acid and the mix-
ture heated to retlux (85 to 90° C.) for at least 4 hours. With
activated charcoal, the suspension was filtered and rinsed
with aqueous hydrochloric acid. Solvent was distilled oif
under reduced pressure at a temperature not exceeding 65° C.
The mixture was then diluted with deionized water. If no
crystallization occurred within 15 min, the mixture was
seeded. After crystallization, the suspension was stirred at 40°
C.+5° C. for one hour, then cooled to 20° C.£5° C. After
stirring an additional 1 to 2 hours at 20° C.+5° C., the product
was collected by filtration, washed three times with cold
deionized water, and at least three times with cold acetone.
The crude product was treated four times with acetone at
reflux for at least 1 hour. The suspension was filtered and the
product dried at a temperature not higher than 40° C., under
reduced pressure. Yield was of crude bendamustine hydro-
chloride was 80%z=10%.

Preparation of Purified Bendamustine Hydrochloride

Bendamustine HCI crude (15.0 kg) was suspended with
0.45 kg activated charcoal in ethanol/water (vol/vol=97/3) at
room temperature. The mixture was quickly warmed to 75 to
80° C. and stirred for not more than 10 min under reflux
conditions. The mixture was filtered to remove the activated
charcoal. After filtration, 33.0 kg of filtered acetone was
added quickly at 40-50° C. to induce crystallization.

After crystallization, the mixture was stirred for 30 to 60
min at 40-50° C., then cooled to 0 to 5° C., and stirred for at
least an additional 30 min or overnight. The product was
collected by filtration and washed with three 45 kg of cold
acetone. Alter that, the crude product was treated 4 times each
with 30 kg acetone at retlux for atleast 1 hour. The suspension
was filtered and the product dried at a temperature not higher
than 40° C. under reduced pressure providing 11.3x1.5 kg
bendamustine hydrochloride (75%+10%).

Preparation of Bulk Solution (1 L) of Bendamustine Hydro-
chloride

Under sterile conditions, Water for Injection (“WFIL”
~65% of total batch size) was transierred to a stainless steel
compounding vessel equipped with a mixer. The temperature
of the WFI in the compounding tank was adjusted to 15 to 25°
C. Mannitol (25.5 g) was added to the compounding vessel
and mixed at for a minimum of 5 minutes while maintaining
the solution temperature at 15 to 25° C. Tertiary butyl alcohol
(““TBA,” 234.2 g) was added to the compounding vessel. The
solution was mixed for a minimum of minutes at 15 to 25° C.
Purified bendamustine HCI (15.0 g) was added to the com-
pounding vessel and mixed for a minimum of 10 minutes
while maintaining the solution temperature between 15 to 25°
C. Water for Injection, USP, suificient to bring the batch to 1
L. was added and mixed for a minimum of 10 minutes. The
bulk solution was sterilized by filtration through a 0.22 um
filter using nitrogen at 1-2 bar.

Lyophilization of Filtered Bulk Solution of Bendamustine
Hydrochloride

Step 1:

The formulated, sterile filtered bendamustine HCI bulk
solution was {filled by a fully automated filling/stoppering
machine. The vials continued to the stoppering station, where
they were partially stoppered with pre-sterilized stoppers.
Bendamustine HCI1 drug product was filled to approximately
6.47 g (6.67 mL) 1n a 20-cc Type I borosilicate tubing glass
amber vial. Filled and partially stoppered vials were trans-
terred to the lyophilizer located 1n the lyophilization area.
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Step 2:

The filled and partially stoppered vials from step 1 are
transierred to the lyophilizer equipped with eight shelves that
can be loaded with product-filled trays. The filled and par-
tially stoppered drug product vials were lyophilized. A sum-
mary of the freeze drying cycle used during lyophilization of
bendamustine HCI drug product 1s provided in the Table 1
below.

TABL.

L1

1

Lvophilization Cycle for Bendamustine HCI

Process parameters Target Setpoint

5°C.
Hold at —50° C. for 4 hours

Loading temperature
Freezing temperature

Primary drying vacuum 150 microns

Primary drying temperature Hold at -15° C. for 27 hours
Intermediate drying temperature Hold at -12° C. for 7 hours
Secondary drying vacuum 50 microns

Secondary drying temperature Hold at 40° C. for 15 hours

Atthe end of the lyophilization cycle, the chamber pressure
was raised to ~0.6 bar with sterile filtered nitrogen. The vials
were hydraulically stoppered by adjusting the shelves to the
stoppering position under sterile filtered nitrogen atmo-
sphere. After the vials were stoppered, the shelves were
raised, and the chamber was backfilled with sterile filtered air
to atmospheric pressure for unloading. This procedure results
in about 100 mg of bendamustine HCl/vial.

Preparation of Solutions of Bendamustine Hydrochloride

50 mg of bendamustine hydrochloride Form 1 was
weighed 1nto a screw-top vial. Solvent was added 1n aliquots
(with heating to 50° C.) until a clear solution was obtained.
Observations are recorded 1n Table 2.

TABL

(L]

2

Solubility of Bendamustine Hydrochloride

Volume Solution
Solvent Added Obtained?
Ethanol 1 ml Yes (50° C.)
Acetic acid 1 ml Yes (50° C.)
Methanol 100 pl Yes (50° C.)
Formamide 1 ml Yes (50° C.)
DMEF 500 pl Yes (50° C.)
DMSO 100 pl Yes (50° C.)
DMA 500 pl Yes (50° C.)

Maturation Experiment
Approximately 10 mg of Form 1 bendamustine hydrochlo-
ride was slurried in the solvents list in Table 3. The slurries

were shaken for 48 hours with alternating 4 hour periods at 50
C and ambient temperature. Any solid material was then
1solated by filtration and analyzed by XRPD. Solutions were
allowed to evaporate. Results are shown 1n Table 3 below.

TABL.

L1

3

Assignment of XRPD Results from Maturation
of Bendamustine Hydrochloride

XRPD XRPD
Solvent Analysis Solvent Analysis
Ethanol Form 1 DCM Form 1
Ethyl acetate Form 1
TBME Form 1 Methyl acetate Form 1
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TABLE 3-continued

Assignment of XRPD Results from Maturation
of Bendamustine Hydrochloride

XRPD XRPD
Solvent Analysis Solvent Analysis
IPA Form 1 DMFE Hydrate
(Form 2)
Isopropyl acetate Form 1
Acetone Form 1 Dioxane Form 1
THE Form 1 Diethyl ether Form 1
Acetonitrile Form 1 Anisole Form 1
Heptane Form 1 MIBK Form 1
Water degradant Nitromethane Form 1
Toluene Form 1 DIPE Form 1
Methanol Mix of Form DMA Hydrate
1 and hydrate (Form 2)

(Form 2)

Crystallization of Bendamustine by Fast Evaporation
Solutions of Bendamustine Hydrochloride 1n ethanol, ace-
tic acid, methanol, formamide, DMF, DMSO, and DMA were
allowed to evaporate under ambient conditions by allowing
the uncapped vials of solution to evaporate to dryness (re-
terred to herein as “rapid evaporation™). Resulting solids were

analyzed by XRPD. Results are shown 1n Table 4.

TABLE 4

Assignment of XRPD Results from Crystallization
of Bendamustine Hvdrochloride by Fast Evaporation

Solvent XRPD Analysis

Ethanol Form 1

Acetic acid Hydrate (Form 2)

Methanol Mix of Form 1 and
hydrate (Form 2)

DMFE Form 1

DMSO Form 1

DMA Form 1

Crystallization of Bendamustine by Slow Evaporation
Solutions of Bendamustine Hydrochloride 1n ethanol, ace-
tic acid, methanol, formamide, DMF, DMSO, and DMA were
allowed to evaporate under ambient conditions by allowing
the capped vials of solution, the vial caps having pinholes, to
evaporate to dryness under ambient conditions. The rate of
evaporation was constrained by use of air tight film covers

containing small holes. Resulting solids were analyzed by
XRPD. Results are shown 1n Table 3.

TABLE 5

Assignment of XRPD Results from Crystallization
of Bendamustine Hydrochloride

Solvent XRPD Analysis

Ethanol Form 1

Acetic acid Form 1

Methanol Mix of Form 1 and
hydrate (Form 2)

Formamide No solid obtained

DMF Insufficient material

DMSO Form 1%

DMA No solid obtained

*Single crystal data presented herein for Form 1 was obtained from a sample recrystallized

from DMSO

Crystallization by Anti-Solvent
Toluene was added as anti-solvent to solutions of Benda-
mustine Hydrochloride 1n ethanol, acetic acid, methanol, for-

mamide, DMFE, DMSO, and DMA to encourage crystalliza-
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tion The volume of toluene added and observations on anti-
solvent addition are recorded in Table 6. Solids were 1solated

by filtration. The Resulting solids were analyzed by XRPD.
Results are shown 1n Table 6.

TABL.

6

(L]

Assignment of XRPD Results from Crystallization of
Bendamustine Hydrochloride by Anti-Solvent Addition

Anti-

Solvent Volume of XRPD
Solvent Used Anti-solvent Observations Analysis
Ethanol Toluene 10 ml No precipitate - Form 1

evaporated

Acetic acid Toluene 0.5 ml Precipitate Form 1
DMFE Toluene 0.5 ml Precipitate Form 1
DMSO Toluene 1 ml Precipitate Form 1
DMA Toluene 0.5 ml Precipitate Form 1

Preparation of Form 2 from Form 1 of Bendamustine Hydro-
chlornde

One mL of water was added 30 mg of bendamustine hydro-
chloride Form 1 and the mixture warmed to 25° C. to provide
a clear solution. After about 4 minutes, Form 2 precipitated

from solution as a white solid. The solid was collected by
filtration.
Stability of Forms 1 and 2 of Bendamustine Hydrochloride
10 mg of bendamustine hydrochloride Form 1 (A), benda-
mustine hydrochloride Form 2 (B), and a 1:1 mixture of
Forms 1 and 2 (C) were stored under the conditions listed 1n
Table 7. Samples were analyzed by XRPD at 1 day, 2 week,
and 6 week time points. The results are shown 1n Table 7A.
Under high humidity conditions (~90% RH), conversion of
Form 1 of bendamustine hydrochloride to Form 2 was
observed. The rate of this conversion appears to increase with
temperature. The purity of Forms 1 and 2 after storage at 4°
C./87% RH (5) and 60° C./'75% RH (13) for 6 weeks was
measured. No large purity decreases were observed.

TABLE 7

Bendamustine Hydrochloride Stability Study Conditions

Condition Temperature (° C.) Relative Humuidity (% RH)
1 4 33.6 (Magnesium Chloride)
2 4 43.1 (Potassium Carbonate)
3 4 58.9 (Magnesium Nitrate)
4 4 75.7 (Sodium Chloride)

5 4 87.7 (Potassium Chloride)
6 25 43.2 (Potassium Carbonate)
7 25 57.6 (Sodium Bromide)
8 25 75.3 (Sodium Chloride)
9 25 93.6 (Potassium Nitrate)
10 60 11.0 (Lithium Chlornde)
11 60 29.3 (Magnesium Chloride)
12 60 ~43 (Potassium Carbonate)
13 60 74.5 (Sodium Chloride)
14 60 ~95 (Potassium Sulphate)
TABLE 7A

XRPD Analysis of Stability Study Samples
of Bendamustine Hvdrochloride

Condi- XRPD Analysis XRPD Analysis XRPD Analysis
tion after 1 Day after 2 Weeks after 6 Weeks
1 No changes No changes No changes
2 No changes No changes No changes
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TABLE 7A-continued

XRPD Analysis of Stability Study Samples
of Bendamustine Hydrochloride

Condi- XRPD Analysis XRPD Analysis XRPD Analysis
tion  after 1 Day after 2 Weeks after 6 Weeks
3 No changes No changes No changes
4 No changes No changes No changes
5 No changes C) Fully C) Some Form
converted 1 now present
to Form 2
6 No changes No changes No changes
7 No changes No changes No changes
8 No changes No changes No changes
9 No changes A) Partially A) Partially
converted converted
to Form 2 to Form 2
C) Fully C) Fully
converted converted
to Form 2 to Form 2
10 No changes No changes No changes
11 No changes No changes No changes
12 No changes No changes No changes
13 Not performed No changes No changes
14 Not performed A) Partially A) Fully
converted converted to
to Form 2 Form 2
B) Sample B) Sample
deliquesced deliquesced
C) Fully C) Fully
converted to converted to
Form 2 Form 2

Light Stability of Bendamustine Hydrochloride

Samples of Form 1 and Form 2 of Bendamustine Hydro-
chloride were stressed 1n a Suntest Light Box with a light
intensity of 250 watts/m2 for 1 week with the black body
temperature set to 25° C. A blank of each sample, wrapped in
fo1l for protection, was also included 1n the experiment. After
the experiment, samples were analyzed by XRPD and the
purity was determined by HPLC. A significant decrease in
both crystallimity and purity was observed for Form 2 during
the light stress test. In contrast, Form 1 showed only a slight
decrease 1n purity. See Table 8.

TABL.

L1

3

XRPD and Purity Analysis of Stability Study
Samples of Bendamustine Hydrochloride

Sample XRPD Purity (%0)
Form 1 blank No change 97.3
Form 1 No change (sample brown 1n colour) 05.9
Form 2 blank No change 05.6
Form 2 Less crystalline (sample brown in colour) 68.7

In certain embodiments, the mnvention 1s directed to a phar-
maceutical composition comprising bendamustine hydro-
chloride Form 1, bendamustine hydrochloride Form 2, ben-
damustine  hydrochlonde Form 3, bendamustine
hydrochloride Form 4, or a mixture thereof. The invention 1s
also directed to those pharmaceutical compositions wherein
the bendamustine hydrochloride 1s bendamustine hydrochlo-
ride Form 1. The ivention 1s also directed to those pharma-
ceutical compositions wherein the bendamustine hydrochlo-
ride 1s bendamustine hydrochloride Form 2. The invention 1s
also directed to those pharmaceutical compositions wherein
the bendamustine hydrochloride 1s bendamustine hydrochlo-
ride Form 3. The invention 1s also directed to those pharma-
ceutical compositions wherein the bendamustine hydrochlo-
ride 1s bendamustine hydrochloride Form 4. The invention 1s
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also directed to those pharmaceutical compositions, further
comprising amorphous bendamustine hydrochloride.

Other embodiments of the invention are directed to a crys-
talline form of bendamustine hydrochloride that 1s benda-
mustine hydrochloride Form 1, bendamustine hydrochloride
Form 2, bendamustine hydrochloride Form 3, bendamustine
hydrochloride Form 4, or a mixture thereof. The invention 1s
also directed to crystalline forms, wherein the bendamustine
hydrochloride 1s bendamustine hydrochloride Form 1 The
invention 1s also directed to crystalline forms, wherein the
bendamustine hydrochloride 1s bendamustine hydrochloride
Form 2. The invention 1s also directed to crystalline forms,
wherein the bendamustine hydrochloride 1s bendamustine
hydrochloride Form 3. The invention 1s also directed to crys-
talline forms, wherein the bendamustine hydrochloride 1s
bendamustine hydrochloride Form 4.

Other embodiments of the invention are directed to a crys-
talline form of bendamustine hydrochloride that produces an
X-ray powder diffraction pattern comprising one or more of
the following retlections: 25.12, 24.85, 22.92, 21.97, and/or
14.05+0.2 degrees 20. The invention 1s also directed to crys-
talline forms of bendamustine hydrochloride that produce an
X-ray powder diffraction pattern further comprising one or
more of the following retlections: 16.82, 17.51, 18.45, 24.85,
and/or 28.33+0.2 degrees 20. The invention 1s also directed to
crystalline forms of bendamustine hydrochloride having an
X-ray powder diffraction pattern substantially as depicted in
FIG. 2. The invention 1s also directed to pharmaceutical com-
positions comprising the crystalline form of bendamustine
hydrochloride as set forth herein.

Other embodiments of the invention are directed to a crys-
talline form of bendamustine hydrochloride that produces an
X-ray powder diffraction pattern comprising one or more of
the following reflections: 10.64, 20.12, 20.45, and/or
23.11x0.2 degrees 20. The invention 1s also directed to crys-
talline forms of bendamustine hydrochloride that produce an

X-ray powder diffraction pattern further comprising one or
more of the following retlections: 10.17, 15.06, 18.82, 20.95,

25.20, 26.54, and/or 29.05+0.2 degrees 20. The imnvention 1s
also directed to crystalline forms of bendamustine hydrochlo-
ride having an X-ray powder diffraction pattern substantially
as depicted 1n FIG. 6. The ivention 1s also directed to phar-
maceutical compositions comprising the crystalline form of
bendamustine hydrochloride as set forth herein.

Other embodiments of the invention are directed to a crys-
talline form of bendamustine hydrochloride that produces an
X-ray powder diffraction pattern comprising one or more of
the following retlections: 26.08, 27.85, and/or 28.11x0.2
degrees 20. The mvention 1s also directed to crystalline forms
of bendamustine hydrochloride that produce an X-ray pow-
der diffraction pattern further comprising one or more of the
tollowing reflections: 10.38,15.55, and/or 19.75+0.2 degrees
20. The mvention 1s also directed to crystalline forms of
bendamustine hydrochloride having an X-ray powder difirac-
tion pattern substantially as depicted 1n FIG. 10. The inven-
tion 1s also directed to pharmaceutical compositions compris-
ing the crystalline form of bendamustine hydrochloride as set
torth herein.

Other embodiments of the invention are directed to a crys-
talline form of bendamustine hydrochloride that produces an
X-ray powder diffraction pattern comprising one or more of
the following reflections: 10.83, 15.52, 20.45, and/or
23.58+0.2 degrees 20. The invention 1s also directed to crys-
talline forms of bendamustine hydrochloride that produce an

X-ray powder diffraction pattern further comprising one or
more of the following retlections: 10.27,19.64, 20.73, 21.23,

25.81 and/or 27.63+0.2 degrees 20. The mvention 1s also
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directed to crystalline forms of bendamustine hydrochloride
having an X-ray powder diffraction pattern substantially as
depicted in FIG. 11. The mvention 1s also directed to phar-
maceutical compositions comprising the crystalline form of
bendamustine hydrochloride as set forth herein.

Other embodiments of the invention are directed to a lyo-
philized composition comprising bendamustine hydrochlo-
ride Form 1, bendamustine hydrochloride Form 2, bendamus-
tine hydrochloride Form 3, bendamustine hydrochloride
Form 4, or a mixture thereotf. In certain embodiments, the
bendamustine hydrochloride 1s bendamustine Form 1. In
other embodiments, the bendamustine hydrochloride 1s ben-
damustine Form 2. In other embodiments, the bendamustine
hydrochloride 1s bendamustine Form 3. In other embodi-
ments, the bendamustine hydrochloride 1s bendamustine
Form 4. The invention 1s also directed to lyophilized compo-
sitions described herein further comprising amorphous ben-
damustine hydrochloride.

A preferred embodiment of the mvention includes a lyo-
philized composition as described herein, comprising amor-
phous bendamustine hydrochloride, bendamustine hydro-
chloride Form 2, and a pharmaceutically acceptable
excipient.

Also within the scope of the invention 1s a method for
preparing a lyophilized composition comprising a crystalline
form of bendamustine hydrochloride comprising the steps of
combining bendamustine hydrochloride with at least one sol-
vent to form a mixture; and lyophilizing the mixture. Prefer-
ably, methods of the mvention include those wherein the
solution further comprises a lyophilization excipient. Prefer-
ably, the lyophilization excipient 1s sodium phosphate, potas-
sium phosphate, citric acid, tartaric acid, gelatin, glycine,
mannitol, lactose, sucrose, maltose, glycerin, dextrose, dex-
tran, trehalose, hetastarch, or a mixture thereof. More prefer-
ably, the lyophilization excipient 1s mannitol. Preferably,
methods of the invention include those wherein the solvent 1s
water, an organic solvent, or a mixture thereof. Preferably, the
organic solvent 1s methanol, ethanol, n-propanol, 1so-pro-
panol, n-butanol, tert-butanol, or a mixture thereof. More
preferably, the organic solvent 1s tert-butanol. In other meth-
ods of the invention, the solvent 1s a mixture of water and an
organic solvent. In preferred methods of the ivention, the
ratio of the water to the organic solvent 1s about 1:1 (v/v). In
preferred methods of the mvention, the ratio of the water to
the organic solvent 1s about 2:1 (v/v) In preferred methods of
the invention, the ratio of the water to the organic solvent 1s
about 3:1 (v/v) In preferred methods of the invention, the ratio
of the water to the organic solvent 1s about 7:3 (v/v).

In preferred methods of the invention, the crystalline form
of bendamustine hydrochloride 1s Form 1. In other preferred
methods of the invention, the crystalline form of bendamus-
tine hydrochloride 1s Form 2. In still other preferred methods
of the invention, the crystalline form of bendamustine hydro-
chloride 1s Form 3. In yet other preferred methods of the
invention, the crystalline form of bendamustine hydrochlo-
ride 1s Form 4. Other preferred methods of the invention
include those wherein the lyophilized composition further
comprises amorphous bendamustine hydrochloride.

Also within the scope of the invention are method of treat-
ing chronic lymphocytic leukemia, Hodgkin’s disease, non-
Hodgkin’s lymphoma, multiple myeloma or breast cancer
comprising adminmistering to a patient in need thereot a thera-
peutically effective amount of a preparation prepared from a
composition as described herein.

Also within the scope of the invention are methods of
preparing Form 1 bendamustine hydrochloride comprising
providing a solution of bendamustine hydrochloride in etha-
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nol, ethyl acetate, tert-butyl methyl ether, 1so-propyl alcohol,
1sopropyl acetate, dichloromethane, methyl acetate, acetone,
tetrahydrofuran, acetonitrile, heptane, toluene, methanol,
dioxane, diethyl ether, anisole, nitromethane, or di-1sopropyl
cther, and evaporating the solution under ambient conditions.

Also within the scope of the mvention are methods of
preparing Form 1 bendamustine hydrochloride comprising,
providing a solution of bendamustine hydrochloride in etha-
nol, methanol, dimethylformamide, dimethylsulfoxide, or
dimethylamine, and rapidly evaporating the solution to dry-
ness under ambient conditions.

Also within the scope of the mvention are methods of
preparing Form 1 bendamustine hydrochloride comprising,
providing a solution of bendamustine hydrochloride 1n etha-
nol, acetic acid, methanol, or dimethylsulfoxide, and slowly
evaporating the solution to dryness under ambient conditions.

Also within the scope of the mvention are methods of
preparing Form 1 bendamustine hydrochloride comprising
providing a solution of bendamustine hydrochloride 1n acetic
acid, formamide, dimethylformamide, dimethylsulfoxide, or
dimethylamine, and adding a suilicient quantity of toluene to
induce crystallization.

Also within the scope of the mvention are methods of
preparing Form 2 bendamustine hydrochloride comprising,
providing a solution of bendamustine hydrochloride 1n dim-
cthylformamide, methanol, or dimethylamine and evaporat-
ing the solution under ambient conditions.

Also within the scope of the mvention are methods of
preparing Form 2 bendamustine hydrochloride comprising
providing a solution of bendamustine hydrochloride 1n acetic
acid or methanol, and rapidly evaporating the solution to
dryness under ambient conditions.

Also within the scope of the mvention are methods of
preparing Form 2 bendamustine hydrochloride comprising
providing a solution of bendamustine hydrochloride in
methanol and slowly evaporating the solution to dryness
under ambient conditions.

Also within the scope of the imvention are methods of
preparing Form 2 bendamustine hydrochloride comprising,
providing an amount of Form 1 bendamustine hydrochloride
and storing the amount at a relative humidity of at least about
88% for a period of time suificient to convert Form 1 to Form
2.

Also within the scope of the mvention are methods of
preparing Form 2 bendamustine hydrochloride comprising
combining bendamustine hydrochloride Form 1 with water to
form a solution and allowing Form 2 to precipitate from the
solution.

Also within the scope of the mvention are methods of
preparing Form 3 bendamustine hydrochloride comprising,
providing an amount of amorphous bendamustine hydrochlo-
ride and storing the amount at about 40° C. and about 75%
relattve humidity for a period of time suflicient to convert
amorphous bendamustine hydrochloride to Form 3.

Also within the scope of the mvention are methods of
preparing Form 4 bendamustine hydrochloride comprising
providing an amount of Form 2 bendamustine hydrochloride
and heating Form 2 to about 100° C. for a period of time
sufficient to convert Form 2 to Form 4.

Also within the scope of the mvention are methods of
preparing a pharmaceutical composition of bendamustine
hydrochloride comprising the steps of:
preparing bendamustine hydrochloride Form 1; and combin-
ing the Form 1 with a pharmaceutically acceptable excipient.

Also within the scope of the mvention are methods of
preparing a pharmaceutical composition of bendamustine
hydrochloride comprising the steps of:
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preparing bendamustine hydrochloride Form 2; and combin-
ing the Form 2 with a pharmaceutically acceptable excipient.

Also within the scope of the invention are methods of
preparing a pharmaceutical composition of bendamustine
hydrochloride comprising the steps of:
preparing bendamustine hydrochloride Form 3; and combin-
ing the Form 3 with a pharmaceutically acceptable excipient

Also within the scope of the invention are methods of
preparing a pharmaceutical composition of bendamustine
hydrochloride comprising the steps of:
preparing bendamustine hydrochloride Form 4; and combin-
ing the Form 4 with a pharmaceutically acceptable excipient

Also within the scope of the invention are methods of
preparing a lyophilized composition of bendamustine hydro-
chloride comprising the steps of combining Form 1 benda-
mustine hydrochloride with a solvent to form a mixture; and
lyophilizing the mixture. According to the invention, the
Form 1 bendamustine hydrochloride 1s prepared according to
any of the methods described herein.

Also within the scope of the invention are methods of
preparing a lyophilized composition of bendamustine hydro-
chloride comprising the steps of combining Form 2 benda-
mustine hydrochloride a solvent to form a mixture; and lyo-
philizing the mixture. According to the invention, the Form 1
bendamustine hydrochloride 1s prepared according to any of
the methods described herein.

Also within the scope of the invention are methods of
preparing a lyophilized composition of bendamustine hydro-
chloride comprising the steps of combining Form 3 benda-
mustine hydrochloride with a solvent to form a mixture; and
lyophilizing the mixture. In certain methods of the invention,
the Form 3 bendamustine hydrochloride 1s prepared by pro-
viding an amount of amorphous bendamustine hydrochloride
and storing the amount at about 40° C. and about 75% relative
humidity for a period of time suificient to convert amorphous
bendamustine hydrochloride to Form 3.

Also within the scope of the invention are methods of
preparing a lyophilized composition of bendamustine hydro-
chloride comprising the steps of: combining Form 4 benda-
mustine hydrochloride with a solvent to form a mixture; and
lyophilizing the mixture. In certain methods of the invention,
the Form 4 bendamustine hydrochloride 1s prepared by pro-
viding an amount of Form 2 bendamustine hydrochloride and
heating Form 2 to about 100° C. for a period of time sufficient
to convert Form 2 to Form 4.

Also within the scope of the invention are lyophilized
compositions comprising amorphous bendamustine hydro-
chloride, wherein said composition 1s substantially free of
any crystalline bendamustine hydrochloride.

In preferred methods of preparing a lyophilized composi-
tion of bendmustine hydrochloride, the described mixtures
turther comprise a lyophilization excipient. Preferably, the
lyophilization excipient i1s sodium phosphate, potassium
phosphate, citric acid, tartaric acid, gelatin, glycine, manni-
tol, lactose, sucrose, maltose, glycerin, dextrose, dextran,
trehalose, hetastarch, or a mixture thereof. In more preferred
methods, the lyophilization excipient 1s mannitol.

In preferred methods of preparing a lvophilized composi-
tion of bendmustine hydrochloride, the solvent 1s water, an
organic solvent, or a mixture thereol. Preferably, the organic
solvent 1s methanol, ethanol, n-propanol, 1so-propanol, n-bu-
tanol, tert-butanol, or a mixture thereof. In more preferred
methods, the organic solvent 1s tert-butanol.

In preferred methods of preparing a lyophilized composi-
tion of bendmustine hydrochloride, the solvent 1s a mixture of
water and an organic solvent. Preferably, the ratio of the water
to the organic solvent 1s about 1:1 (v/v). Also preferred are
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those methods wherein the ratio of the water to the organic
solventis about 2:1 (v/v). In other preferred methods, the ratio
of the water to the organic solvent 1s about 3:1 (v/v). In other
preferred methods, the ratio of the water to the organic solvent
1s about 7:3 (v/v).

As those skilled in the art will appreciate, numerous modi-
fications and variations of the present invention are possible
in view of the above teachings. It 1s therefore understood that
within the scope of the appended claims, the invention can be
practiced otherwise than as specifically described herein, and
the scope of the invention 1s intended to encompass all such
variations.

What 1s claimed:

1. A method of treating chronic lymphocytic leukemia,
Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple
myeloma, or breast cancer in a patient 1n need thereol com-
prising

administering to the patient a solution prepared from a

lyophilized composition comprising a crystalline form
of bendamustine hydrochloride that 1s bendamustine
hydrochloride Form 3 that produces an X-ray powder
diffraction pattern comprising the following retlections:
7.9, 15.5, and 26.1£0.2 degrees 20.

2. The method according to claim 1, wherein the non-
Hodgkin’s lvmphoma is indolent B-cell non-Hodgkin’s lym-
phoma.

3. The method of according to claim 1, for treating chronic
lymphocytic leukemia.

4. The method according to claim 1, wherein the benda-
mustine hydrochloride Form 3 produces an X-ray powder
diffraction pattern further comprising one or more of the
tollowing reflections: 10.6, 19.7 and/or 23.3x£0.2 degrees 20.

5. The method according to claim 1, wherein the lyo-
philized composition 1s substantially free of other crystalline
forms of bendamustine hydrochlornde.

6. The method according to claim 1, wherein the lyo-
philized composition further comprises amorphous benda-
mustine hydrochloride.

7. The method according to claim 1, wherein the lyo-
philized composition further comprises at least one pharma-
ceutically acceptable excipient.

8. The method according to claim 7, wherein the excipient
1s sodium phosphate, potassium phosphate, citric acid, tar-
taric acid, gelatin, glycine, mannitol, lactose, sucrose, mal-
tose, glycerin, dextrose, dextran, trehalose, hetastarch, or a
mixture thereof.

9. The method according to claim 8, wherein the excipient
1s mannitol.

10. The method according to claim 1, wherein the lyo-
philized composition further comprises an organic solvent.
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11. The method according to claim 10, wherein the solvent
1s methanol, ethanol, n-propanol, 1so-propanol, n-butanol,
tert-butanol, or mixtures thereof.

12. The method according to claim 11, wherein the solvent
1s tert-butanol.

13. A method for preparing a crystalline form of benda-
mustine hydrochloride that 1s bendamustine hydrochloride
Form 3 that produces an X-ray powder diffraction pattern
comprising the following reflections: 7.9, 15.5, and 26.1+0.2
degrees 20 comprising

combining bendamustine hydrochloride, mannitol, water,

and an organic solvent to form a solution; and
lyophilizing the solution to form the bendamustine hydro-
chloride Form 3.
14. The method according to claim 13, wherein the benda-

mustine hydrochloride Form 3 produces an X-ray powder
diffraction pattern further comprising one or more of the
tollowing reflections: 10.6, 19.7 and/or 23.3+0.2 degrees 20.

15. The method according to claim 13, wherein the solvent
1s methanol, ethanol, n-propanol, 1so-propanol, n-butanol,
tert-butanol, or mixtures thereof.

16. The method according to claim 13, wherein the solvent
1s tert-butanol.

17. The method according to claim 13, wherein the lyo-
philization step comprises the following lyophilization cycle:

Process parameters Target Setpoint

5° C.

Hold at =50° C. for 4 hours
150 microns

Hold at -15° C. for 27 hours
Hold at —=12° C. for 7 hours

50 microns
Hold at 40° C. for 15 hours.

Loading temperature

Freezing temperature

Primary drying vacuum

Primary drying temperature
Intermediate drying temperature
Secondary drying vacuum
Secondary drying temperature

18. The method according to claim 13, wherein the ratio of
bendamustine hydrochloride to mannitol 1s 15:25.3.

19. A lyophilized composition comprising bendamustine
hydrochloride prepared according to the method of claim 13.

20. A method of treating chronic lymphocytic leukemia,
Hodgkin’s disease, non-Hodgkin’s lymphoma, multiple
myeloma or breast cancer 1n a patient 1n need thereof com-
prising administering to the patient an injectable preparation
prepared from the lyophilized composition of claim 19.

21. The method according to claim 20, wherein the non-
Hodgkin’s lymphoma is indolent B-cell non-Hodgkin’s lym-
phoma.

22. The method of according to claim 20, for treating
chronic lymphocytic leukemia.
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